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ABSTRACT 

We investigate the relationship between the mass of central supermassive black holes 
(SMBH) and the radio loudness of active galactic nuclei. We use the most recent 
calibrations to derive "virial" black hole masses for samples of radio loud QSOs for 
which relatively small masses (Mbh < 10 8 M Q ) have been estimated in the literature. 
We take into account the effect of radiation pressure on the BLR which reduces the 
"effective" gravitational potential experienced by the broad-line clouds and affects the 
mass estimates of bright quasars. We show that in well defined samples of nearby 
low luminosity AGNs (LLAGN), QSOs and AGNs from the SDSS, radio-loud AGN 
invariably host SMBHs exceeding ~ 10 8 M Q . On the other hand, radio-quiet AGNs are 
associated with a much larger range of black hole masses. The overall result still holds 
even without correcting the BH mass estimates for the effects of radiation pressure. 
We present a conjecture based on these results, which aims at explaining the origin 
of radio-loudness in terms of two fundamental parameters: the spin of the black hole 
and the black hole mass. We speculate that in order to produce a radio-loud AGN 
both of the following requirements must be satisfied: 1 ) the black hole mass Mbh has 
to be larger than ~ 10 8 M Q ; 2) the spin of the BH must be significant, in order to 
satisfy theoretical requirements. Taking into account the most recent observations, we 
envisage a scenario in which the merger history of the host galaxy plays a fundamental 
role in accounting for both the properties of the AGN and the galaxy morphology, 
which in our picture are strictly linked. On the one hand, radio loud sources might be 
obtained only through major "dry" mergers involving BH of large mass, which would 
give rise to both the "core" morphology and the significant black hole spin needed. On 
the other hand, radio quiet AGNs might reside in galaxies that underwent different 
evolutionary paths, depending on their black hole mass. 

Key words: galaxies: active - galaxies: evolution - galaxies: nuclei - galaxies: fun- 
damental parameters. 



1 INTRODUCTION 

Radio-loud (RL) and radio quiet (RQ) AGNs exist at all 
luminosities. The distinction between the two classes is usu- 
ally made by using the so-called radio loudness parameter 
R, i.e. the ratio between the radio flux at 5GHz and the op- 
tical flux in the B band. While powerful RL and RQ quasars 
quasars typically separate at values of R ~ 10, at the lowest 
lumi nosities, the transition oc c urs at a much higher value 
(e.g IXu. Livio. fc Baud 1 19991: iTerashima fc Wilson! 120031 : 



IChiaberge et a l. 2005; Si kora et al.ll2007f ). The general inter 
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pretation is that the output of radio-loud nuclei is energeti- 
cally dominated by the jet, while that of radio-quiet AGNs is 
mostly dominated by the accretion disc. However, the phys- 
ical reasons for the origin of the observed differences still 
remain unknown. How can an AGN develop a radio jet on 
either large scales (hundreds of kpc or even larger) or small 
(pc or sub-pc) scales? Why some AGN posses such energeti- 
cally dominant jets and others do not? How are the mass and 
the spin of the central SMBH related to the radio-loudness? 
These questions are central not only for a complete under- 
standing of the AGN phenomenon but also to assess the role 
of the central supermassive black hole in the evolution of 
the galaxy, the rise of a "radio phase" and its impact on the 
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evolution of the galaxy itself and on the environment (e.g. 
iBest et alj|2005l ; iBower et af]|2006l ; ICroton et aHl2006h . 

Jets are most likely formed by extracting rotational en- 
ergy from th e black hole and the accreti o n disc through mag- 
netic forces |Blandford fe Znaie"klll977l ; Ifjlandford fe Pavnd 
Il982h . Jet production may also help to remove angular mo- 
mentum and drag material towards the black hole. Under- 
standing under which physical conditions accreting black 
holes are capable of producing some sort of collimated out- 
flow is not the only critical point. It is more crucial to un- 
derstand which mechanism may be able to produce a (rel- 
ativistic) jet whose radiative output is a significant frac- 
tion of the accretion luminosity, and which m ay even be- 
come the dominant source of radiation (e.g. lAllen et al.l 
120061 : ICelotti fe Ghisellinil l200Sh . The jet power is some- 
how related to the spin of t he black hole, as the B- Z 
mechanism clearly establishes l|Blandford fc Znaiekl [l977t ). 
However, other parameters such as the magnetic field and, 
possibly, the mass of the black hole, may also come into 
play. Significant effort has been devoted to investigate such 
an issue, but no general consensu s has yet been reached. 
iFranceschini. Vercellone. fc Fabian] (| 1998T ) found a tight cor- 
relation of the black hole m ass with radio power in a sample 
of local AGNs; lLaorl (|200(J ) studied a sample of PG QSOs, 
and set a limit for radio loud objects at M~ 10 9 My , a simi- 



lar res u lt being found bv[Dunlop et al.l (|2003l ) and lBest et al.l 
l|2005l ). IXu. Livio. fc Bauml l|l999] ) pointed out that the dis- 
tribution of L[oj/j] for radio loud AGN extends to higher 
luminosities than that of radio quiet sources, and noted that 
such a result is consistent with a higher "maximum" black 
hole mass in radio loud AGNs. However, other authors have 
found evidence for the opposite, i.e. there is a significant 
fraction of radio-loud AG Ns associa t ed with black holes of 
relatively small m ass (e.g. IHqI [20021 ; IWoo fc Urrvl l2002al lbl: 
iRafter et aTll2009l ). 

Clearly, our understanding of the link between the 
radio-loudness and the BH mass critically depends on the 
accuracy of the BH mass estimate. Direct BH mass esti- 
mates based on spatially resolved stellar and gas kinematics 
are possible only in the local universe (D <~ 200 Mpc), 
and their complexit y does not allow their application to 
large samples (e.g. Ferrarese fc Ford! |2005i ). Estimates of 
BH masses in large samples of objects at all redshifts 
are only possible in AGNs with broad emission lines: BH 
masses are estimated by applying the vir i al theorem Mbh = 
fAV 2 R B Ln/G (see e.g. |Petersor]|201Ct IVestergaardll2010l . 
for recent reviews on the subject) where / is a calibration 
factor, AV is the broad line width and Rblr is the aver- 
age BLR size, usually estimated from the AG N continuum 
lumin osity follo wing the Rblr — L relation bv lKaspi et al.l 
|2000l . sec also iBentz et all 120091 ) . It is currently believed 
that the ac curacy of these estimates is of the order of 0.3-0.5 
dex r .m.s. (|Peterson|[201ol '). Recently. [Marconi et all l|200St 
l2009h pointed out that BLR clouds are subjected to radi- 
ation pressure from the absorption of ionizing photons and 
provided a simple additive correction to the above virial re- 
lation, which is proportional to the continuum luminosity. 
Such correction increases BH mass estimates in AGN with 
significant luminosities compared to their BH mass. 

In this paper, w e build on the results shown in 
IChiaberge et~ai1 (|2005h and we further investigate the rela- 
tionship between the mass of the central supermassive black 



hole (SMBH) and the radio loudness of the active nucleus 
using samples of AGNs at all luminosities, and BH mass esti- 
mates obtained with different methods. In Sect. [5] we briefly 
describe the samples of AGN we consider; in Sect. [3] we de- 
scribe the methods we use to estimate the mass of the central 
black hole; in Sect. 0] we describe the results and in Sect.[S] 
we discuss our findings, we propose a possible scenario to 
interpret the results of this work, and we draw conclusions. 



2 THE SAMPLES 

It is very important to investigate whether the mass of the 
central BH plays a role in determining the radio-loudness 
of the associated AGN in objects of all luminosities, from 
nearby nuclei with faint activity to the most powerful 
quasars. However, it is also extremely important to dis- 
cuss objects of different AGN powers separately, in order to 
avoid misinterpreting the results. In the following sections 
we briefly describe the AGN samples used in this paper. 



2.1 Low luminosity AGNs 

We consider the following samples of nearby low luminosity 
AGN: 

1) The complete sample of FR I Radio Galaxies at red- 
shift z < 0.1 (i.e. low luminosity r adio galaxies) from th e 
3CR catalog (|Spinrad et all 1 19851 : IChiaberge et all 1 19991 ). 
The 3C sample is selected in the radio band at a low fre- 
quency (178MHz), therefore it is free from any orientation 
biases. 

2) Seyfert 1 galaxies from the optically selected Palo- 
mar Survey of n earby galaxies and from the CfA sample 
|Ho fc Pendl200ll ). We include only the Type 1 objects, since 
the line-of sight to the nuclei is thought to be obstructed by 
dust in those belonging to the Type 2 class. 

3) A complete, distance limited (d < 19 Mpc) sample of 
LINERs taken from the Palomar Survey of nearby galaxies 
(|Ho et alj|l997h . 

4) 51 nearby early-type galaxies (E+S0) with radio 
emission > 1 mjy at 5 GH z (optical + radio selection) 
|Capetti fc Balmaverdd [20051 . and references therein). The 
large majority of the galaxies in the sample are spectro- 
scopically classified as either LINE R or Seyfert. A detailed 
descri ption of this sample is given in lCapetti fc Balmaverdel 
|2005h . 

5) The 12 broad-line r adio galaxies with z < 0.3 in- 
cluded in the 3CR catalog (|Chiaberge et al]|2002l . and ref- 
erences therein). 

Samples 1, 2 and 3 have been studied in detail in 
IChiaberge etafl (|2005l ) and more details about those sam- 
ples can be found in that paper. The sample of nearby ellipti- 
cals (4) partially overlaps with samples 1, 2, and 3. However, 
there are only 10 objects in common, so the total number of 
objects considered here is 142. Note that being selected ac- 
cording to different criteria, these objects do not constitute 
a complete sample. However, they well represent the overall 
properties of all kinds of low power active nuclei in the local 
universe. 



We do not discuss in detail the sample of H3 (|2002l ). 
which also claimed to find radio-loud AGNs associated with 
low mass black holes, for two reasons. Firstly, the sample 



On the origin of radio-loudness in AGNs 3 



partia lly overlaps with the I Ho fc Pend |200ll ) and lHo et alj 
(119971) samp les, which we consider here. Secondly, the work 
bvlHol (|2002h includes a significant number of Type 2 AGNs. 
For all sources, the nuclear luminosity was estimated using 
an indirect indicator (i.e. the luminosity of the Hbeta line). 
That might produce results that are inconsistent with those 
obtained for the samples we include in this paper. 



2.2 QSO samples 

We focus on samples of radio selected radio -loud 
QSOs taken from lOshlack. Webster, fc Whitingl (|2002l ) and 
iGu. Cap, fc Jiansl ( 200 ll . and references therein), which 
were found to include a significant number of SMBH 
with estimated mass lower than ~ 10 s M©. The sam- 



ple of lOshlack. Webster, fc Whitind (|2002h comprises flat- 
spectrum radio loud quasars. These objects might be signif- 
icantly affected by relativistic beaming, which enhances the 
radiation both in the radio and in the optical. The redshifts 
of all QSOs in the above samples are in the range < z < 1. 

We also consider the samp le of high-z (2.0 < z < 2.5) 
QSOs of iMcIntosh et all () 19991 ). which includes very lumi- 
nous (L ~ 10 46 — 10 47 erg s -1 ) quasars of both radio-loud 
and radio-quiet class. 

Note that all of the above samples of quasars were in- 
cluded in the study of SMBH masse s in AG N made by 
IWoo fc Urrvl (|2002ar ) and I Woo fc Urrvl (|2002bl ). 



2.3 SDSS AGNs 

We also inclu de in our ana l ysis th e sample of "broad lined" 
AGNs from iRafter et al.l (|2009l )fand references therein), 
which consist s of objects selected fr om the Sloan Digital Sky 
survey (DR5. ISchneider et al.|[2007l ) with z < 0.35, for which 
radi o counterparts have been found i n the VLA FIRST sur- 
vey (|Becker. White, fc Helfandlll995l ). The sample includes 
a significant number of low luminosity AGNs (Lua < 10 42 
er g s -1 ) and is extrac ted from the list originally selected 
bv lGreene fc~Hol (120071 1. However, higher luminosity objects 
{Lhc ~ io 43-44 erg s _1 ) are also represented in the sample. 



3 METHODS FOR BLACK HOLE MASS 
ESTIMATES 

The SMBH masses for the objects belonging to the samples 
considered here are estimated using different methods, from 
gas kinematics t o single epoch esti mates based on scaling 
relations (see e.g. IVestergaardll2009l ). 

The BH masses of LLAGNs taken from lChiaberge et al.l 

(|2005l ) are derived usi ng either the rel a tion w ith the stel- 
lar velocity dispersion iTremaine et al.l (|2002l ) or more di- 
rect measurements from, e.g., gas kinematics taken from 
the literature. For a fraction of the Seyfert 1 galaxies (the 
brightest objects belonging to that sample), the estimates 
were made using reverberation mapping. More details for 
the samples of FRIs, S eyferts and LINERs can be found in 
IChiaberge et al.l (|2005l . and r eferences therein). For the sam - 
ples of early-type galaxies of ICapetti fc Balmaverdel (|2005l ) 
the BH mass e stima tes are made using the relation of 
ITremaine et all |2002l ). Black hole masses for 3CR BLRG 



are also derived using the same method, with the only excep- 
tion of 3C390. 3 for which w e used data from reverberation 
mapping (jKaspi et al.ll200ol ). For these LLAGN samples we 
use the SMBH masses from the literature since the updated 
scaling relations do not provide significantly different values 
for those objects. 

Furthermore, we note that the updated relation between 
the BH mass and t he ce ntral velocity dispersion provided 
by iGiiltekin et al.l |2009l ) does not retur n values signifi- 
cantly different from those obtained with the lTremaine et all 
((2002]) formula, for the purpose of this work. 

In the following we will also make use of the relation 
between BH mass and near-IR host spheroid luminosity 
(IMarconi fc Hundl2003l ). Such relation has a scatter simi- 
lar to the relation with the stellar velocity dispersion, and 
has therefore a similar a ccuracy fe.g.. lMarconi fc Huntl20"03l ; 
I Graham! [20071 ; lHull2009l ). 

The BH virial masses for all of the above QSO samples 
published in the literature were derived using single epoch 
estimates based on scaling relations. The formulae typically 
use the FWHM of a broad emission line (usually Ha or H/3, 
and more rarely CIV) and the luminosity of the adjacent 
continuum as crucial parameters. Those relations are cali- 
brated using calibrated using low-z Type 1 AGNs of a broad 
range of luminosities for which the BH masses are know fr om 
reverberation mapping techniques (see lVestergaardll2009l . for 



a review 



Here we first estimate t he BH masses for all QSOs usin g 
the most updated formulae l|Vestergaard fc Petersonll2006l ). 
calibrated to up-to-dat e reverberation mappi ng masses. Fur- 
thermore, as noted bv lMarconi et all ( |2008l ), the radiation 
from the accretion disc exerts pressure on the broad line 
clouds which opposes the gravitational attraction of the 
black hole. Therefore, in particular for the more luminous 
quasars, the BLR may actually experience a smaller "effec- 
tive" gravitational field. Thus the mass of the BH might be 
underestimated when using single epoch estimates and the 
FWHM of broa d emission lines such as Ha and H/3 as cru- 
cial parameters. IMarconi et"aH (|200Sl . 120091 ) calibrated the 
effects of radiation pressure on the BLR. In this paper we 
use the most up-to-date version of the radiation pressure- 
corrected virial relation to estimate BH masses (Marconi et 
al. 2011, in preparation). The formula we use is the follow- 
ing: 



Me 



Mr, 



6 . 6 / FHWM(H/?) \ 2 / AL A (5100A) \ ' 
V 1000km s- 1 J \ 10 44 erg s" 1 J 



+ 



+10' 



AL A (5100A) \ 
10 44 erg s" 1 J 



(1) 



where we use Ha when measurements of H/3 are not avail- 
able. The coefficien ts 10 6 6 and 10 7 5 , co rrespond to the / 
and g coefficients in IMarconi et alj (|2008l ) . respectively. The 
values used in this work have been improved based on new 
data, but they do not significantly differ from the original 
values. 

The presence of outward radiation forces on BLR clouds 
is an unavoidable physical effect due to the injection of 
momentum from the absorption of ionizing photons; its 
effect on virial mass estimates is negligible only if one 
makes the (unlikely) assumption that all BLR clouds have 
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Figure 1. Black hole masses plotted against the radio loud- 
ness parameter R for the sample of low luminosity AGNs. Yel- 
low filled circles are FRIs, green filled triangles are Seyferts, red 
squares are LINERs, yellow open hexagons are core-galaxies and 
green open stars are power-law galaxies (see text). The dotted 
line shows the "standard " RQ/RL division based on PG quasars 
l|Kellermann et al.lll989h . 



very large column d ensities Nh > 10 cm" - 2 llNetzer|[2009l ; 
iMarconi et"aH 120091 ). Recently. iNetzer fc Marzianil l|201Cl ) 
studied the motions of BLR clouds under the combined 
effects of gravity and radiation pressure. They concluded 
that, even if radiation pressure is important, BH masses de- 
rived from the simple virial product are not significantly 
underestimated. However, that conclusion strongly depends 
on the assumption that BLR clouds are moving in pres- 
sure equilibrium within a confining medium, whose as- 
sumed pressure gradient tunes cloud column densities dur- 
ing their orbits. All clouds must survive several dynamical 
timescales (i.e. must complete several orbits) so that on aver- 
age the virial product will not be affected by radiation pres- 
sure. Some kind of magnetic conf inement is invoked for the 
clouds (e.g. iFerland fc Reedll988h . but overall it is not clear 
from this model how can the clouds a void Rayleigh- Taylor 
and Kelvin-Helmholtz instabilities (e.g. lMathews fc Ferlandl 
1087). Moreover the only direct observations of the struc- 
ture of BLR clouds based on eclipsing of the X-ray AGN 
source suggest a cometary like structure, as expected from 
supersonic motions of dense clouds in a less dense medium, 
and indicate a sho rt lifetimes of BLR c louds, less than the 
orbital time scale (|Maioiino et al.|[2010l ). A detailed discus- 
sion of these issues will be subject of a forthcoming paper 
(Marconi et al. 2011, in preparation). See also Sect. POl for 
a short discussion about the impact of such a correction on 
our results. 



4 RESULTS 

4.1 Low luminosity AGNs 

In Fig. [T] we plot the estimated BH mass vs. the radio loud- 
ness parameter R for the samples of nearby LLAGN. The 
properties of the objects belonging to that sample are well 
defined, thus allowing us to derive robust results. Most im- 
portantly, their nuclear emission can be resolved by using 
the VLA and HST for the radio and the optical bands, 
respectively. This allows us a direct comparison between 
their faint nuclei and the nuclei of powerful quasars, min- 
imiz ing the contribut i ons o f the host galaxy stellar emission 
(see IChiaberge et alj 120051 ). Seyferts are plotted as trian- 
gles, power-law galaxies as stars, LINERs as squares, FR Is 
as filled circles, core-galaxief] as empty circles, and BLRGs 
as pentagons. 

The first piece of information that is important to bear 
in mind is that at low AGN powers, the "separation" be- 
tween RQ and RL nuclei occurs a t a much higher value 
of the radio loud ness parameter |Chiaberge et al] 120051 ; 
ISikora et al]|2007D than for po werful QSOs. The reason for 
such a behavior is still unclear. ISikora et al.l (|2007l ) showed 
that such a separation is a function of the Eddington ra- 
tio L /LEdd- Therefore, it is possible that a change in the 
nuclear SED, corresponding to, e.g., a change in some of 
the physical properties of the accretion disc, might result 
in a different value of R for the transition between a jet- 
dominated and a disk-dominated AGN. However, a detailed 
analysis of this subject is beyond the subject of this paper. 

The dashed line at R — 2 in Fig. [T] is drawn with the 
purpose of visually separating objects for which the optical 
emission is disc-dominated (radio-quiet, left-hand side of the 
plot) from objects that are jet-dominated (radio-loud, right- 
hand side). Note that BLRG (blue pentagons) are present in 
both sides of the plane. This is due to the fact that BLRG are 
objects seen at intermedi ate viewing angles with respect to 
the j et direction (see e.g. lBarthellll989l ; iGrandi fc Palumbd 
120071 ). Therefore, most likely because of relativistic beam- 
ing effects, in some of those objects the jet dominates the 
optical emission, while in others the jet radiation is "de- 
beamed" and the disc is bright enough to overshine the jet. 
Their location may also be affected by variability. However, 
independently of their location, it is clear that those are 
"intrinsically" radio-loud objects, i.e. they do produce pow- 
erful relativistic jets, irrespective of the observed dominant 
radiation source. 

As already noted by IChiaberge et al.1 (|2005t ). all RL 
LLAGN are associated with BH masses >~ 10 8 Mq, while 
most of the RQ population has lo wer BH masses. A simila r 
result has been recently found by iBaldi fc Capettll (|2010l ). 
There seems to be a "region of avoidance", in the bottom- 
right part of the plot, as radio-loud LLAGN with small black 
hole mass are absenlQ While it is clear that radio quiet AGN 

1 Core galaxies have luminosity profiles that rise steeply towards 
the center, then flatten at a certain "break radius". Power-law 
galaxies, instead, have profiles that rise steeply all the way to the 
HST resolution ~ 0.1" citcplauer95. 

2 For clarity, in Fig.[T]we plot only the detected nuclei. A number 
of objects with upper limits to the optical emission are present 
among the core galaxies and the LINER sample. However, all 
core galaxies in the Balmaverde sample have BH mass >~ 10 8 , 
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exist at all BH masses, the question is whether radio loud 
AGN associated with small BH masses exist at all. 

Note the location of the Seyfert galaxy MCG-6-30-15 
on the left hand side o f the plane, at a BH mass of ~ 6 x 10 6 
jMcHardv et al] 120051 ). This is an extremely important ob- 
ject, since it is probably the most co mpelling example of 
maximally spinning SMBH in AGN (e.g|l wasawa et al 1 19961 : 
iMiniutti et al 120071 ). A high BH spin has been often cl aimed 
to be the origin of radio-loudness |Blandfordlll990t ), but 
MCG-6-30-15 is radio quiet. However, the BH mass is at 
least 1 dex smaller than any RL AGN in these samples. This 
points to the idea that the spin alone cannot give rise to ra- 
dio loudness and is consistent with the suggestion presented 
in this paper (see Sect. [5]). 



4.2 QSOs 

While it is clear that the above results hold for the selected 
(although well defined) sample of objects, the question is 
whether it can be extended to larger samples of objects and 
for AGNs of higher luminosity. In order to do so, in Fig. [2] 
we plot the samples of QSOs described in Sec. 2.2. These are 
particularly important samples, since relatively small black 
hole virial masses (<~ 10 8 Mq) have been estimated in the 
literature for a significant fraction of objects. 

Firstly, we re-calculated the BH masses for all QSOs in 
those sample^ using the most updated formulae for viria l 



mass estimates derived by IVestergaard fc Peterson! 



2006T) 



and adopting the WMAP cosmology (|Hinshaw et al.l 120091 ) 
Ho = 71 Km s" 1 Mpc" 1 , Q M = 0.27, n vac = 0.73. The 
results are shown as open symbols in Fig. [5] (triangles, pen- 
tagons and squares represent the Gu et al., Oshlack et al. and 
Mcintosh et al. sam ples, respectively). No te that although 
the high-z sample of lMcIntosh et al] (| 19991 ') is clearly biased 
against low BH masses, it is useful to have it included in 
our analysis in order to show that RQ QSOs are associated 
with both high and low BH masses and no physical correla- 
tion between radio-loudness an d BH mass ex ists, as alre ady 
pointed out by various authors IWoo fc Urrvl r e .g |2002bl ). 

Although the number of objects with Mbh < 10 8 Mq 
is significantly smaller than found in the above cited papers 
as a result of the updated formulae we used in this paper, a 
few objects are still present in the ra dio-loud and small BH 
mas s region of the plane (see Fig. [5J). iMarconi et al.l (|2008l ) 
and lMarconi et all ((200EJ) have recently pointed out that for 
high luminosity QSOs, the effects of radiation pressure on 
the broad line clouds (in particular for the Hydrogen lines) 
should be included in the BH mass estimate. We applied the 
most updated corrections (Marconi et al. 2011, in prepara- 
tion) and we calculated the BH mass for all objects. The 



therefore the exact value of R is irrelevant for the purpose of this 
work. Only 3 LINERs with detected radio emission have unde- 
tected optical nuclei. That is most likely explained as due to the 
high surface brightness of the central region of the host galaxies 
(see e.g. the discussion in ICapetti et al]|2002h . This leaves our 
conclusions unaltered. 

3 We have removed one objects that was misclassified, i.e. the 
"double system" PKS0114+074 llAkuior fc Jacksodfl992T) , and a 
few more for which the data in the literature are incomplete or 
unreliable (none of those are associated to BH masses smaller 
than 10 8 Mq). 
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Figure 2. Black hole masses of QSO samples plotted against 
the radio loudness parame ter R. Empty symbols refer to BH 
masses estimated with the IVest ergaard & Peterson ( 200(1) f°r- 
mula. Filled symbols are radiation pressure corrected masses from 
IMarconi et al ]| |2008h . Triangles, pentagons and squares represent 
QSOs from the Gu et al., Oshlack et al. and Mcintosh et al. sam- 
ples, respectively. 



results are plotted as filled symbols in Fig. [2] It is now clear 
that all QSOs in these samples, both RQ and RL, have BH 
masses above a certain threshold, somewhere close to 10 8 
M . 



4.3 SDSS AGNs 

We also want to check that larger samples of AGNs selected 
with respect to their optical spectroscopic properties be- 
have as the samples of AGNs discussed above. In order to 
do so, we consider the sample from the SDSS published in 
iRafter et ail (|2009l ) . A number of "radio-loud" AGNs associ- 
ated with small BH masses have been found in that sample. 
The BH masses were estimated using the Ha FWHM, under 
the assumption that the optical continuum flux at 5100A is 
indicative of the AGN luminosity. Note that this assumption 
may not be true for the lowest luminosity objects, in which 
the stellar emission from the host galaxy may dominate the 
optical flux at that wavelength. 

As already pointed out above, at low luminosities and 
for low values of the Eddington r atio, the RQ/RL divi- 
sion occurs at or above log R ~ 2 (|Chiaberge et al] 120051 ; 
ISikora et ai]|2007t ). therefore the number of bona fide "ra- 
dio loud" AGN in the Rafter et al. sample should be re- 
considered taking into account the luminosity class of the 
objects. In Fig. [3] we plot the BH mass versus radio loud- 
ness for the sub-sample of AGN detected in the radio band 
from [Rafter et al.l(|2009l ). We use a color coding for different 
luminosity classes, and we adopt adopt the luminosity of the 
broad component of the Ha emission line as a (rough) indi- 
cator of the AGN power. First of all, we note that the most 
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Figure 3. Blac k hole mass v s radio loudness parameter for the 
SDSS sample of iRafter et al. The color coding refers to 

bins of Ha luminosity, which is used as a rou gh indicator of the 
AGN power. The long dash line indicates the iKcllcrinan n et all 
GUI) separation between RQ and RL QSOs. The diagonal dot- 
dash line is used to guide the eye and follow the change in RQ/RL 
division with AGN luminosity. 



luminous AGNs (Lna >~ 3 x 10 43 erg s _1 ) are all associ- 
ated with large BH masses Mbs >~ 10 s Mq. The objects 
appear to be clustered in the RQ region (left hand side) and 
the peak of the AGN radio-loudness distribution appears to 
shift from log R~ 2 for AGNs of very low Ha luminosities, 
to log R~ 1 at the highest luminosities. Assuming log R 
= 1 as the RQ/RL threshold, the percentage of RL objects 
increases from ~ 20% for objects with Lna > 10 43 erg s _1 
to 65% in the luminosity bin between Lhu = 10 41 erg s _1 
and LHa = 10 42 erg s _1 . Even if we cannot infer the actual 
fraction of radio-loud AGNs from that sample, it is unlikely 
that the apparent lack of high luminosity radio loud AGNs 
(M B h > 8, R> 1, L Ha > 10 42 erg s _1 ) with respect to 
lower luminosity objects is due to a selection effect. In fact, 
the sample could in principle be biased against distant ra- 
dio quiet objects, but the radio loud ones are certainly not 
affected. Therefore, that just confirms that the RQ/RL di- 
viding line shifts towards higher values of R for objects of 
decreasing luminosity. In fact, if we assume log R = 2 for 
the RQ/RL division in the lowest luminosity bin, the per- 
centage of RL objects returns to a more reasonable value of 
~ 10%. The diagonal dot-dashed line in Fig. O is only used 
for the purpose of guiding the eye and follow the change in 
the RQ/RL divide. However, it is clear that the limit at R=2 
we used for the LLAGN samples described above well rep- 
resents the RQ/RL division for this sample, except possibly 
for the brightest and the faintest objects. 

Nevertheless, a significant number of objects with 
log R > 2 seem to be associated with relatively small black 
hole masses. Therefore, we select the objects that have R> 2 
and Mbh significantly smaller than 10 8 Mq (because of the 



uncertainty in the BH mass estimates, we set our limit at 
10 7 ' 5 M@). We find 36 such objects, and we carefully check 
their overall properties. The results of the analysis is dis- 
cussed in the following, and summarized in Table [1] 

Firstly, we search the recent literature for black hole 
mass estimates based on different indicators. We find five 
object s in common with the sample analyzed bv lShen et alj 
(|2010l ). which perform careful line width measurement af- 
ter continuum subtraction. We use the FWHM of the H/3 
emission line and the continuum luminosity L5100 from that 
work, and we estim ate the BH mass using the updated 
iMarconi et alj (|2008l ) formula, which includes the effect of 
radiation pressure on the BLR. The BH mass estimates ob- 
tained with this method (see Table [D are sig nificantly larger 
than those estimated bv lRafter et al.1 (|2009l ). The use of H/3 
instead of Ha also ensures higher accuracy, since the H/3 line 
is relatively isolated, and its relation with the BH mass is 
better calibrated. That is especially true for AGNs of rela- 
tively low luminosity, where we do not anticipate a strong 
contribution from the Fell lines in the H/3 spectral region. 

We could not find other BH mass estimates in the liter- 
ature for the remaining 31 objects. However, the large ma- 
jority of these AGNs are associated with low redshift bright 
early-type galaxies. For early -type galaxies, which typically 
show red colors (u — r > 2.22. IStrateva et al.ll200ll ) compati- 
ble with an old stellar population, we can estimate the mass 
of the black ho le using the correlation with the K-band near 
IR luminosity (jMarconi fe Huntj|2003l ) , as obtained from the 
2MASS catalog (NED). We can apply such a method to eigh- 
teen objects in the sample. For two out of these eighteen ob- 
jects the K s -band magnitude from the 2MASS is not avail- 
able from NED, therefore we download the fits images and 
we measure the magnitude from the images. The BH masses 
we derive using the correlation with the IR magnitude are 
all larger than 10 8 Mq (see Table [!}. One further object 
with u - r > 2.22 (namely SDSS J090307.84+021152.2) is 
a Type 2 QSO/ULIRG, therefore its K-band flux might be 
contaminated by emission related to the hot dust surround- 
ing the AGN. We checked the HST/WFPC2 image of that 
object and at 8100A the galaxy morphology appears irregu- 
lar, with possible presence of dust and star forming clumps. 
If the 2MASS flux is used, its estimated BH mass is 2 x 10 9 
Mq, but we believe that such a value is most likely unreli- 
able. 

We still have to check the 12 objects for which the BH 
mass cannot be reliably estimated using the K-band mag- 
nitude because of their blue colors, and for which no other 
BH mass estimates are found in the literature. 

For J142237.91+044848.5 and J163323. 58+471858. 9 
the FWHM of the Ha line is smaller than 1000 km s -1 , 
which is often used as th e threshold values between Type 1 
and T ype 2 AGN (see e.g. lAntonuccill993l : IUrrv fc Padovanil 
Il995h . In those objects, the mass of the BH cannot be reli- 
ably estimated from those measurements, unless the width 
of the forbidden lines is significantly smaller than that of the 
permitted lines. From visual inspection of the SDSS spectra 
(and "quick and dirty" line fitting) that does not appear to 
be the case. The detected emission lines are most likely pro- 
duced in large scale regions not under the direct influence 
of the black hole gravitational field. 

J075444.08+354712.8 and J115409. 27+023815.0 are 
"bona fide" Type 1 AGNs (i.e. the measured FWHM of Ha 
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Table 1. Data for AGNs with R>2 and log M BH < 7.5 in the SDSS sample of lRafter et alj j2009h . 
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J142237.91+044848.5 
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Type 2 FWHM(Ha)=700 


J144341. 53+383521.8 


0.162 


2.29 


6.2 


1.94 




Type 2 


J151513.58+552504.2 


0.288 


2.5 


6.7 


3 


8.8 C 




J151640.22+001501.8 


0.0526 


3.42 


6.7 


2.33 


8.8 C 




J155522.04+281323.1 


0.149 


2.06 


6.9 


2.43 


8.8 C 




J163323.58+471858.9 


0.116 


2.05 


6. 1 


0.92 




Type 2 FWHM(Ha)=990 
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Type 2 


J164442.53+261913.2 
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2.5 
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J211852.96-073227.5 


0.26 


2.58 
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7.69 a 




J215226.03-081024.9 


0.0347 


2.18 
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a Using H/3 from lShen et al . (2010) and applying the correction for radiation pressure. 

b BH mass estimated using the K-band magnitude measured from 2MASS images (this work) and the 
iMarconi fc Huntl l|2003h formula. 

c BH mass estimated using the K-band magnitude from 2MASS catalog (as taken from NED) and the 
IMarconi fc Hunt] lj2003h formula. 

d Radiation pressure corrected, using FWHM of H« from lRafter et al.l j20QgT) . 



is > 2000km s _1 ). The former is a bright quasars and the 
latter is either classified as a Sy 1, or as an FSRQ. The 
BH masses can be estimated using the Marconi et al. rela- 
tion. Assuming FWHM(Ha) = FWHM(H/3), we derive are 
~ 6 x 10 7 M and ~ 5 x 10 7 M Q for the two objects, re- 
spectively. 

Careful inspection of the SDSS spectra of the other 
three objects with quoted FWHM(Ha) > 2000 km s" 1 re- 
veals that J140638. 22+010254.6 has both permitted and for- 
bidden emission lines with prominent blue wings, possibly 
indicative of an outflow which is most likely not produced 
within the BLR. For J094525. 90+352103.6 and J103915.69- 
003916.9 the classification as broad line objects is extremely 
uncertain, and they are in fact both classified as "galaxy" 
in the SDSS. 

The remaining five galaxies have FWHM(Ha) between 
1000 and 2000km s" 1 . For J164442. 53+261913.2, after 



taking into account of the effects of radiation pressure, 
the estimated BH mass is 10 7 ' 6 M Q . J092936. 73+571 149.8, 
J135646.10+102609.0, J144341.53+383521.8, and 
J164126.91+432121.6 are Type 2 objects. In fact, the 
SDSS spectra show that the [OIIIJ5007 line is the same as 
(or even slightly broader than) the permitted lines. This 
most likely implies that the line emission region lies outside 
the BLR, and thus out of the sphere of influence of the 
black hole. 

Summarizing, a careful inspection of the large sample of 
low-z AGNs from the SDSS shows that there is no clear evi- 
dence for bona fide radio loud objects associated with black 
hole masses significantly smaller than ~ 10 8 Mq . The small- 
est BH associated with a radio-loud object we find is SDSS 
J115409.27+023815.0, for which the estimated BH mass is 
~ 5 x 10 7 Mq. In other words, even the lowest BH mass we 
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estimate is still compatible with 10 8 M© , within the typical 
error. 



4.4 On the impact of the radiation pressure 
correction 

In the previous paragraphs we have described the methods 
we use to estimate the BH masses for various objects in the 
different samples. In doing so, we used the most updated 
formulae and the iMarconi et al.l |2008l ) correction to take 
into account the effects of radiation pressure onto the BLR. 
Although we strongly believe that that is the correct ap- 
proach, we must point out that the overall results of this 
paper are unaltere d if we neglect radiation pressur e effects. 

diJ d2006h f or the 



In fact, using IVestergaard fc Peterso: 



SDSS objects for which we used the Marconi et al.l (|2008l ') 
formula (the ones marked with "a" and "d" in Table 1), 
we still obtain that the lowest BH mass is 10 7 ' 6 Mq (for 
J115409.27+023815.0). This is because those sources are all 
low luminosity AGNs, therefore the effects of radiation pres- 
sure are small. To be precise, the Marconi formula, in that 
case, returns an even smaller value of the BH mass than the 
one obtained with the Vestergaard formula, which neglects 
radiation pressure effects at all luminosities. 

Among the samples of AGN considered in this pa- 
per, the only objects that would be inconsistent (assum- 
ing a factor of ~ 3 error on the BH mass estimate) with 
the "limit" at 10 8 sola r masses are four QSOs in the 
iGu. Cao. fc Jiangl |200ll ) sample. However, for those four 
objects, the classification as Type 1 AGNs is extremely un- 
certain. Three out of those four are in fact classified as 
Type 2 (NED) and one (1045-188) is an FSRQ. Going back 
to th e original paper that reports the spectrum of that ob- 
ject (|Stickel. Kuehr. fc Friedlll993f ) and the values used for 
deriving its BH mass, we see that the FWHM of H/3 is quoted 
to be smaller than that of the [OIII]5007 line. Furthermore, 
a note states that the H/3 line is blended with some athmo- 
spheric a bsorption featu r es. W e conclude that even without 
using the[M arconi et al.l |2008l 'l correction, there is no clear 
evidence for radio loud AGNs associated with masses smaller 
than ~ 10 8 M©. 



5 DISCUSSION AND CONCLUSIONS 

Using the most updated black hole mass estimators, we have 
shown that there is no evidence for a population of radio- 
loud AGN associated with supermassive black holes of M 
<~ 10 8 Mq, in agreemen t with prev i ous work performed 
on different samp les (e .g. lLaorl [20001; iDunlop et al.l 120031; 
Chiaberge et all |2005| ; iBest et alj 120051 ; iBaldi fc Capettl 
20ld ). Building on this finding, we propose that the RQ/RL 
dichotomy can be explained by a modification of the spin 
paradigm in which the radio loudness of an AGN is deter- 
mined not only by the spin, but also by the mass of the 
SMBH. RL AGN are only those with BH masses larger than 
~ 10 s M . Clearly, it is still possible that the value of 10 s 
Mq does not correspond to any specific threshold, and it 
could just represent a typical value below which the proba- 
bly of having a radio loud source becomes increasingly small. 

While a discussion on the physics of the jet production 
is beyond the scope of this paper, in the following we will 



present evidences in support of our conjecture, and we will 
discuss the consequences for the relations between BHs and 
their host galaxies. 

First of all, it is clear that the mass of the black hole 
must play a role, at all AGN luminosities, because the lack 
of radio loud AGN with small BH masses is apparent and 
it is not due to any trivial selection bias. Second of all, it is 
important to note that for high BH masses both RL and 
RQ AGNs exist. Thus, not surprisingly, the BH mass is 
clearly not the only physical parameter involved in deter- 
mining the level of radi o loudness of each object. The so 
called "spin paradigm" (|Blandfordlll990l ; IWilson fc Colbert] 
Il995h has often been used to explain the RQ/RL di- 
chotomy. In brief, assuming th at the jet power is related 
to the BH spin (J ~ (a/MB ff r,lBlandford fc Znaieklll977l ; 



iTchekhovskov. Naravan. fc McKinnevll2010l ). RL AGNs are 
explai ned as obje c ts po wered by rapidly spinning black 
holes. Isikora et ail (|2007h have recently proposed a modified 
version of the spin paradigm, which includes two additional 
elements: i) the spin of the BH in elliptical galaxies can 
reach higher values with respect to that of spirals, because 
of their different merger history; ii) only at high accretion 
rates, intermittency of jets collimation causes an AGN to 
switch between radio-loud and radio-quiet states. Accord- 
ing to the scenario proposed by those authors, powerful RQ 
QSOs hosted by ellipticals possess rapidly spinning black 
holes as the RL QSOs, but they are in a state in which the 
jet is not collimated. In that case, the host galaxies of RL and 
RQ QSO should be indistinguishable, as well as their large- 
scale environment. However, there is mounting evidence that 
the RL QSOs live in significant l y richer environmen ts than 
RQ QSOs (e.g lShen et 51120091 ; iDonoso et alj|2009h . 

Here we propose that the RQ/RL dichotomy can be 
explained by a further modification of the spin paradigm, 
based on our finding that the mass of the black hole plays 
a role. Investigating the physical reasons for that is beyond 
the aim of this paper. However, we note that the BH mass 
is in fact intimately related to the accretion and ejection 
region around the BH itself, as it sets both the radius of the 
innermost stable orbit and t he critical Edding ton luminosity, 
as originally pointed out by [B landlord] (| 199(f ). 

In our conjecture, the spin of the black hole plays a 
role in determining the radio loudness only if the mass of 
the BH is ~ 10 8 Mq or higher. For a smaller BH mass, the 
spin of the BH is irrelevant, as the Seyfert 1 galaxy MCG- 
6-30-15 and objects similar to that appear to show. MCG- 
6-30-15 probably represents the best case of maxima lly ro- 
tating black hole in AGNs (e.g. Ilwasawa et al.l Il996l ) , and 
it has often been used to contradict the "spin paradigm". 
The object is a well known radio quiet AGN hosted by a 
E/S0 gala xy, and its estim ated black hole mass is ~ 6 x 10 6 
Mq (|McHardv et alj|2005h . over 1 dex smaller than any ra- 
dio loud AGN. We speculate that the reason why MCG-6- 
30-15 is radio-quiet ultimately resides in the fact that its 
back hole mass is not large enough to produce a radio loud 
AGN (i.e. to power a powerful relativistic jet), even if its 
BH is maximally rotating. The same argument can be ap- 
plied to_othe£_Seyfertswith similar properties, e.g. 1H 0707- 
495 (|Fabian et al.ll2009[ ). which is also associated with a BH 
mass of order 10 6 Mq. In other words, the objects that are 
often used as "exceptions" to the spin-paradigm, are sim- 
ply indicating that for an AGN to be radio loud, not only 
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the BH has to be spinning, but also its mass must be close 
to or above 10 s M@. Therefore, our conjecture accounts for 
the fact that radio quiet AGNs can host black holes of all 
masses, while RL AGNs cannot. 

At high BH masses (above ~ 10 s Mq) the spin regu- 
lates the radio loudness, as in the original version of the spin 
paradigm, with the RQ QSO having slowly rotating (or non 
rotating) black holes, and the RL QSOs having rapidly ro- 
tating black holes. Whether the transition occurs "sharply" 
at some particular value of the BH mass or it is instead a 
rather smooth transition is not clear from the data. But the 
lack of RL AGN below ~ 10 s M Q seems to indicate that 
the existence of a sharp "threshold" value for the BH mass 
cannot be ruled out. 

Another interesting aspect is to explore the connection 
between the radio loudness of the active nucleus and the 
structure, origin and evolution of the host galaxy. In low 
redshift AGNs there is a well established dichotomy in the 
properties of the radial brightness profiles or AGN hosts: RL 
nuclei are invariably associated with "core" galaxies, while 
RQ nuclei reside in "power-la w" or spiral galaxies, which in 
turn h ave a power-law bulge (|Capetti fc Balmaverdd l200(j 
120071 ). Ide Ruiter et all (120051 ) have also pointed out that 
radio galaxies are invariably associated with core galaxies. 
This is indicative of a profound link between the RQ/RL 
dichotom y and the history of th e host galaxy, as originally 
note d by Capetti fc Balmaverdd 120061). It has been argued 
(e.g. iFaber et al.lll997l ; lMerrittll200d ; lKormendv et"aill2009l . 
and ref. therein) that core galaxies most likely originate in 
major dry mergers. The binary black hole formed during the 
merger ejects stars away from the central regions, thus pro- 
ducing the observed stellar light deficit. On the other hand, 
power-law galaxies may originate in wet mergers, which trig- 
gers a starburst to create the "extra-light" at the center of 
the galaxy. 

Somehow, the process of formation of core galaxies 
has to be a ssociated with rapidl y spin ning black holes of 
high mass. iHughes fc Blandfordl (|2003l ) have shown that 
mergers of two black holes of different mass may origi- 
nate a spinning BH only for particular values of "plunge 
inclination" a nd only if the original BH is already spin- 
ning (see also iBerti fc Volonterill2008l ). Otherwise, the BH 
is spun-down. Therefore, rapidly spinning BHs are un- 
likely to have suffered a recent minor merger. On the 
other hand, two merging black holes of similar mass may 
produce a rapidly spinning black hole. Another possible 
mechanism to "spin- up" a SMBH is through accretio n of 
matter onto the BH (|Volonteri. Sikora. fc Lasotall2007l ). al- 
tho ugh that probably only leads t o moderate spin val- 
ues (|King. Pringle. fc Hofmannll2008l ) . Therefore, major dry 
mergers seem to perfectly fit the requirements both to "spin- 
up" the black hole, and to originate "core" galaxies. 

On the other hand, a gas-rich (wet) merger may pro- 
vide gas to fuel a central starburst, which in turn pro- 
duces the extra-light observed in power-law galaxies (e.g. 
iKormendv et al" I l2009l ). Major wet mergers are more likely 
to involve galaxies with relatively small bulge mass, and thus 
hosting small mass black holes. Therefore, even if the re- 
sulting spin of the black hole may be significant (because of 
either gas accretion or merger of two BHs of similar mass), 
the total BH mass is still not sufficient to power a radio- 



loud AGN. That might be the case for SO galaxies such as 
MCG-6-30-15 

Recently, iDotti et alj (|2010h have proposed a similar 
scenario. One major difference resides in the fact that these 
authors associate radio-loudness with counter-rotating ac- 
cretion on rapidly spinning black holes resulting from major 
dry mergers. Counter rotation is necessary to increase the 
efficiency of jet production. However, one possible compli- 
cation is that the existence of a significant number of radio- 
quiet AGN associated with core galaxies is expected in such 
a scenario (those with co-rotating accretion). Instead, the 
observations show that, at least at low redshifts, those ob- 
jects are missing. 

Summarizing, our conjecture implies that the RQ/RL 
dichotomy is strictly linked to the history of the host galaxy, 
independently of the accretion rate. In order to produce 
a radio-loud AGN, two conditions have to be satisfied: 1) 
Mbh >~ 10 8 M©; 2) the spin of the BH must be significant. 
Major dry mergers of two galaxies, whose black holes have 
masses close to or above 10 s Mq, lead to radio- loud AGNs. 
Smaller mass BHs cannot produce a powerful jet, therefore 
the actual BH spin is unimportant (or less important) in 
those objects, as far as the radio loudness is concerned. 

An obvious criticism is that some stellar mass black 
holes are capable of producing rather powerful radio jets. 
Although these objects can be bright in the radio, it is im- 
portant to estimate their actual radio-loudness. The problem 
in this case is that their optical emission is generally not ob- 
served, for various reasonfl However, we can estimate the 
radio loudne ss using the radio-to-X-ray lu minosity ratio, as 
proposed by iTerashima fc Wilson! l|2003h . For example, in 
the case of GRSI 915+105, log-R* = \og(vL aG H z /L x ) = 
—6.6, while the typical value for radio loud AGNs is R x ~ 
— 1, and even the radio quiet AGNs have R x ~ —3 (see 
the c ompilation of data in e.g. iMerloni. Heinz, fc di Matted 
l2003h . These objects are not "radio-loud" , even if they pro- 
duce a rather bright radio jet. Therefore, besides all of the 
differences that might exist between the properties of the 
environment in the vicinity of supermassive black holes and 
that of stellar mass black holes, which might as well play 
a role in the physical properties of the outflows, the stellar 
mass black holes are significantly less radio loud than all 
AGNs. This confirms our findings, i.e. small mass BH are 
not capable of produ cing true radi o loud objects. 

Differen tly from Sikora et al.l (12007 ). and building on 
the results of lCapetti fc Balmaverdd (|2006l ). in our proposed 
scenario the properties of the host galaxy are strictly con- 
nected to the radio loudness of the nuclei, via their formation 
and evolution, independently of the current accretion rate 
level. In this way, no "intermittency" and switching between 
RQ and RL "states" for high accretion rate AGNs is needed, 
as it seem to contradict the result that RQ and RL QSOs 
inhabit different environments, as discussed above. There- 
fore, in our picture, there is no difference between low and 



4 In most cases, the optical emssion of these galactic binaries 
is difficult to study and may be produced by different competing 
mechanisms, most importantly by the companion star. In addition 
to that, in the case of the Galactic supcrluminal GRS1915+105, 
heavy absorption (Ay ~ 44mag) completely hides the optical 
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high luminosity AGNs, and low and high accretion rate (or 
Eddington ratio). 

Such a scen ario implies a strai ghtforward prediction: 
differently from ISikora et al.l (120071 ). we expect powerful 
radio-quiet QSOs to reside in power-law galaxies, while their 
RL counterparts would be associated to core galaxies, ex- 
actly as observed at low redshifts. Clearly, confirming such a 
prediction is no easy task, due to the high angular resolution 
needed to resolve cores in distant galaxies, especially in pres- 
ence of a bright quasar nucleus. Obscured QSOs might be 
a better choice for that, under the assumptions that type 1 
and type 2 AGNs belong to the same "p arent" population 
(|Antonucdl 19931 ; lUrrv fePadovanill 19951 ) . However, even in 
that case, the core radius in a z=0.5 object would be only 
~ 10 mas. Therefore, other structural parameters of the host 
galaxy that are found to correlate with the properties or 
the innermost structure are more likely to be observed with 
curren t instruments and in t he near future (e.g. the Sersic 
index, iKormendv et alj|2009l ). 

Another implication of our proposed scenario is that 
broad iron lines bearing the signature of the Kerr metric (as 
seen in MCG-6-30-15) should be present in the X-rays in 
radio loud (lobe-dominated) QSOs and in broad line radio 
galaxies. These are objects that are thought to be seen at 
the right orientation to allow direct view of the accretion 
disc, while the relativistically beamed jet emission should 
be observed at an angle that is large enough for that not 
to dominate the overall emission. Therefore, the inner re- 
gions of the accretion disc should be visible, unless that re- 
gion of the accretion disc is "emptied" because of the pres- 
ence of significant outflows, or if it is in an ADAF state 
(see e.g. I Yuan! [20071 ; iTchekhovskov. Naravan. fe McKinnevI 
2010). Until now, no Fe lines of that kind have been de- 
tected in radio-loud objects, to the best of our knowledge. 
But that might just be explained by the low sensitivity of 
current instrumentation, which does not allow a clear detec- 
tion of those features in distant objects. 

An obvious way of falsifying our conjecture is the ob- 
servation of such relativistically broadened Fe lines in the 
X-ray spectrum of radio-quiet QSOs associated with a large 
black hole mass. Such a result would disproof the hypothesis 
that a rapidly spinning black hole with a mass larger than 
10 s Mq is sufficient to produce a radio loud AGN. 



ACKNOWLEDGMENTS 

We are grateful to Mario Livio, Marta Volonteri, Alessandro 
Capetti, Colin Norman and Gabriele Ghisellini for insightful 
discussions. We also thank the referee for her/his valuable 
comments that helped to improve the paper. This research 
has made use of the NASA/IPAC Extragalactic Database 
(NED) which is operated by the Jet Propulsion Laboratory, 
California Institute of Technology, under contract with the 
National Aeronautics and Space Administration. 



REFERENCES 

Akujor C. E., Jackson N., 1992, AJ, 104, 546 
Allen S. W., Dunn R. J. H., Fabian A. C, Taylor G. B., 
Reynolds C. S., 2006, MNRAS, 372, 21 



Antonucci R., 1993, ARA&A, 31, 473 

Baldi R. D., Capetti A., 2010, A&A, 519, A48 

Barthel P. D., 1989, ApJ, 336, 606 

Becker R. H., White R. L., Helfand D. J., 1995, ApJ, 450, 
559 

Bentz M. C, Peterson B. M., Netzer H., Pogge R. W., 

Vestergaard M., 2009, ApJ, 697, 160 
Berti E., Volonteri M., 2008, ApJ, 684, 822 
Best P. N., Kauffmann G., Heckman T. M., Brinchmann 

J., Chariot S., Ivezic Z., White S. D. M., 2005, MNRAS, 

362, 25 

Blandford R. D., Netzer H., Woltjer L., Courvoisier T. J.- 
L., Mayor M., 1990, Active Galactic Nuclei. Saas-Fee 
Advanced Course 20. Lecture Notes 1990. Swiss Soci- 
ety for Astrophysics and Astronomy, XII, 280 pp. 97 
figs.. Springer- Verlag Berlin Heidelberg New York 
Blandford R. D., Payne D. G., 1982, MNRAS, 199, 883 
Blandford R. D., Znajek R. L., 1977, MNRAS, 179, 433 
Bower R. G., Benson A. J., Malbon R., Helly J. C, Frenk 

C. S., Baugh C. M., Cole S., Lacey C. G., 2006, MNRAS, 
370, 645 

Capetti A., Balmaverde B., 2007, A&A, 469, 75 
Capetti A., Balmaverde B., 2006, A&A, 453, 27 
Capetti A., Balmaverde B., 2005, A&A, 440, 73 
Capetti A., Celotti A., Chiaberge M., de Ruiter H. R., Fanti 

R., Morganti R., Parma P., 2002, A&A, 383, 104 
Celotti A., Ghisellini G., 2008, MNRAS, 385, 283 
Chiaberge M., Capetti A., Celotti A., 1999, A&A, 349, 77 
Chiaberge M., Capetti A., Celotti A., 2002, A&A, 394, 791 
Chiaberge M., Capetti A., Macchetto F. D., 2005, ApJ, 

625, 716 

Croton D. J., et al., 2006, MNRAS, 365, 11 

de Ruiter H. R., Parma P., Capetti A., Fanti R., Morganti 
R., Santantonio L., 2005, A&A, 439, 487 

Donoso E., Li C, Kauffmann C, Best P. N., Heckman 
T. M., 2009, arXiv. larXiv:0910.3667l 

Dotti M., Colpi M., Maraschi L., Perego A., Volonteri M., 
2010, arXiv. larXiv:1004.2843l 

Dunlop J. S., McLure R. J., Kukula M. J., Baum S. A., 
O'Dea C. P., Hughes D. H., 2003, MNRAS, 340, 1095 

Faber S. M., et al., 1997, AJ, 114, 1771 

Fabian A. C, et al., 2009, Natur, 459, 540 

Ferland G. J., & Rees M. J., 1988, ApJ, 332, 141 

Ferrarese L., Ford H., 2005, SSRv, 116, 523 

Franceschini A., Vercellone S., Fabian A. C, 1998, MN- 
RAS, 297, 817 

Graham A. W., 2007, MNRAS, 379, 711 

Grandi P., Palumbo G. G. C, 2007, ApJ, 659, 235 

Greene J. E., Ho L. C, 2007, ApJ, 667, 131 

Gu M., Cao X., Jiang D. R., 2001, MNRAS, 327, 1111 

Gultekin K., et al., 2009, ApJ, 698, 198 

Hinshaw G., Weiland J. L., Hill R. S., Odegard N., Larson 

D. , Bennett C. L., Dunkley J., Gold B., Greason M. R., 
Jarosik N., Komatsu E., Nolta M. R., Page L., Spergel 
D. N., Wollack E., Halpern M., Kogut A., Limon M., 
Meyer S. S., Tucker G. S., Wright E. L., 2009, ApJS, 180, 
225 

Ho L. C, 2002, ApJ, 564, 120 

Ho L. C, Filippenko A. V., Sargent W. L. W., 1997, ApJS, 
112, 315 

Ho L. C, Peng C. Y., 2001, ApJ, 555, 650 

Hu J., 2009, MNRAS submitted l|arXiv:0908.2028P 



On the origin of radio-loudness in AGNs 11 



Hughes S. A., Blandford R. D., 2003, ApJ, 585, L101 
Iwasawa K., Fabian A. C, Reynolds C. S., Nandra K., 
Otani C, Inoue H., Hayashida K., Brandt W. N., Dotani 
T., Kunieda H., Matsuoka M., Tanaka Y., 1996, MNRAS, 
282, 1038 

Kaspi S., Smith P. S., Netzer H., Maoz D., Jannuzi B. T., 

Giveon U., 2000, ApJ, 533, 631 
Kellermann K. I., Sramek R., Schmidt M., Shaffer D. B., 

Green R., 1989, AJ, 98, 1195 
King A. R., Pringle J. E., Hofmann J. A., 2008, MNRAS, 

385, 1621 

Kormendy J., Fisher D. B., Cornell M. E., Bender R., 2009, 

ApJS, 182, 216 
Laor A., 2000, ApJ, 543, Llll 
Lauer T. R., et al., 1995, AJ, 110, 2622 
Maiolino R., et al., 2010, A&A, 517, A47 
Marconi A., Axon D. J., Maiolino R., Nagao T., Pastorini 

G., Pietrini P., Robinson A., Torricelli G., 2008, ApJ, 678, 

693 

Marconi A., Axon D. J., Maiolino R., Nagao T., Pietrini P., 
Risaliti G., Robinson A., Torricelli G., 2009, ApJL, 698, 
L103 

Marconi A., Hunt L. K., 2003, ApJL, 589, L21 
Mathews W. G., Ferland G. J., 1987, ApJ, 323, 456 
McHardy I. M., Gunn K. F., Uttley P., Goad M. R., 2005, 

MNRAS, 359, 1469 
Mcintosh D. H., Rieke M. J., Rix H.-W., Foltz C B., Wey- 

mann R. J., 1999, ApJ, 514, 40 
Merloni A., Heinz S., di Matteo T., 2003, MNRAS, 345, 

1057 

Merritt D., 2006, ApJ, 648, 976 

Miniutti G., Fabian A. C, Anabuki N., Crummy J., 
Fukazawa Y., Gallo L., Haba Y., Hayashida K., Holt 
S., Kunieda H., Larsson J., Markowitz A., Matsumoto 
C, Ohno M., Reeves J. N., Takahashi T., Tanaka Y., 
Terashima Y., Torii K., Ueda Y., Ushio M., Watanabe 
S., Yamauchi M., Yaqoob T., 2007, PASJ, 59, 315 
Netzer H., 2009, ApJ, 695, L793 
Netzer H., & Marziani P. 2010, ApJ, 724, 318 
Oshlack A. Y. K. N., Webster R. L., Whiting M. T., 2002, 

ApJ, 576, 81 
Peterson B. M., 2010, IAUS, 267, 151 

Rafter S. E., Crenshaw D. M., Wiita P. J., 2009, AJ, 137, 
42 

Schneider D. P., et al., 2007, AJ, 134, 102 
Shen Y., et al., 2009, ApJ, 697, 1656 
Shen, Y., et al. 2010. larXiv:1006.5178l 
Sikora M., Stawarz L., Lasota J.-P., 2007, ApJ, 658, 815 
Spinrad H., Marr J., Aguilar L., Djorgovski S., 1985, PASP, 
97, 932 

Stickel M., Kuehr H., Fried J. W., 1993, A&AS, 97, 483 
Strateva I., Ivezic Z., Knapp G. R., Narayanan V. K., 
Strauss M. A., Gunn J. E., Lupton R. H., Schlegel D., 
Bahcall N. A., Brinkmann J., Brunner R. J., Budavari 
T., Csabai I., Castander F. J., Doi M., Fukugita M., 
Gyory Z., Hamabe M., Hennessy G., Ichikawa T., Kunszt 
P. Z., Lamb D. Q., McKay T. A., Okamura S., Racusin 
J., Sekiguchi M., Schneider D. P., Shimasaku K., York D., 
2001, AJ, 122, 1861 
Tchekhovskoy A., Narayan R., McKinney J. C, 2010, ApJ, 
711, 50 

Terashima Y., Wilson A. S., 2003, ApJ, 583, 145 



Tremaine S., Gebhardt K., Bender R., Bower G., Dressier 
A., Faber S. M., Filippenko A. V., Green R., Grillmair 
C, Ho L. C, Kormendy J., Lauer T. R., Magorrian J., 
Pinkney J., Richstone D., 2002, ApJ, 574, 740 
Urry C. M., Padovani P., 1995, PASP, 107, 803 
Vestergaard M., 2009, arXiv. larXiv:0904.2615l 
Vestergaard M., 2010, IAUS, 267, 239 
Vestergaard M., Peterson B. M., 2006, ApJ, 641, 689 
Volonteri M., Sikora M., Lasota J.-P., 2007, ApJ, 667, 704 
Xu C, Livio M., Baum S., 1999, AJ, 118, 1169 
Wilson A. S., Colbert E. J. M., 1995, ApJ, 438, 62 
Woo J.-H., Urry C. M., 2002, ApJ, 579, 530 
Woo J.-H., Urry C. M., 2002, ApJ, 581, L5 
Yuan F., 2007, ASPC, 373, 95 

This paper has been typeset from a TgX/ P/TgX file prepared 
by the author. 



